Population aging is expected to increase long-term care (LTC) costs in both Japan and Sweden. This study projected LTC costs for 2010 through 2040 for different assumptions of population change, LTC need by age group and gender, and LTC provided per level of need and cost in Japan and Sweden. Population data were taken from the official national forecasts. Needs projections were based on epidemiological data from the Nihon University Japanese Longitudinal Study of Aging and the Swedish Survey of Living Conditions. Data on LTC provision by need and cost were taken from nine Japanese municipalities collected by assessments in the LTC insurance system and from surveys in eight Swedish municipalities. Total initial costs were calibrated to official national figures. Two projections based on two different scenarios were made for each country from 2010 to 2040. The first scenario assumed a constant level of need for LTC by age group and gender, and the other assumed a continuation of the present LTC need trends until 2025. For Japan, this resulted in a projected cost increase of 93% for the one and 80% for the other; for Sweden it was 52% and 24%, respectively. The results reflected differences in population aging and health development.
Japan and Sweden are two highly developed countries that share many traits with regard to an aging population. In both countries, the number of elderly persons has rapidly increased, a trend that will continue in coming decades. Both countries assume public responsibility for the long-term care (LTC) of their frail older citizens. Providing this care has become a challenge. But Japan and Sweden also have important societal and cultural differences. The two countries have different ways of organizing and financing their LTC systems. Thus, it is interesting and fruitful to compare the two countries. Similar problems have been solved differently, and important lessons can be learned on both sides.
A national long-term care insurance (LTCI) plan for all Japanese citizens aged 65 years and over was introduced in 2000. The aim of the system is to guarantee that all older adults, wherever they live, receive long-term care and services appropriate to their needs. The Japanese LTCI system builds on a detailed and formalized assessment of each older adult's care needs. [1] [2] [3] A computer program processes the assessment, and, if appropriate, the person is allocated a preliminary level of care. A needs certification board reviews the decision and changes the level of care if judged necessary. This assigned level of care determines the monthly sum of money available for long-term care and services for the applicant. With the help of a professional care manager, the applicant decides the care to be provided for the available sum. Care in excess of the allocated amount must be covered privately. Copayments for LTC are normally 10% of the costs.
In Sweden a decentralized, tax-based system of LTC was already in place in the 1970s. 4 According to the Social Service Act, each municipality has an obligation to provide assistance if the individual's needs cannot be met in any other way. Swedish legislation, however, contains no instructions for assessing an individual's needs. Instead of formal, standardized procedures, as in Japan, a municipal needs assessor decides the care services to be provided in Sweden after receiving the individual's application for assistance. Whereas the assessment of needs in Japan is based solely on the functional limitations of the applying person, in Sweden factors such as home environment and social support are taken into account. Copayments are generally not seen as an obstacle to receiving help, because they are low (3%-4%). 5 Since the introduction of LTC, the costs of providing services have increased in both Japan and Sweden. In Japan, costs rose rapidly from 2000 to 2005, eliciting a major reform of the LTCI system in 2005. [6] [7] [8] Despite the reform, costs continue to rise, posing serious viability problems for the system in the future. Sweden experienced a severe economic crisis during the 1990s. The crisis prompted reductions in the scope of LTC, and since then, increases in the cost of providing LTC have been limited. However, demographic projections indicate that Sweden will face severe sustainability problems in providing old-age care in the future.
Two articles by Lagergren and colleagues compared the needs, provisions, and costs development of the two LTC systems in the period 2000-2010 using a common methodology and research design. 9, 10 The basic idea of the research design was to divide the analysis of the LTC system into four steps: population, needs, provided services, and costs:
. population by age group and gender . LTC needs by age group and gender . service provided by level of need . unit costs of the services provided
The purpose of disaggregating the cost change into components in this way was to provide a better understanding of the drivers of costs. An important prerequisite for this analysis was the access to large individual-based longitudinal databases: In Japan, data was collected through the LTCI system in nine municipalities and the Nihon University Japanese Longitudinal Study of Aging (NUJLSOA). In Sweden, data came from eight municipal surveys and the Swedish Surveys of Living Conditions (SSLC).
An analysis of the past is important to understand the challenges and opportunities of the future. The framework used to analyze trends in 2000-2010 can also be used for a prospective analysis and estimation of future LTC costs. Thus, with the same approach, we can project LTC costs based on forecasts of population and health trends, complemented with assumptions regarding services provided per level of need and the unit costs of those services.
Many researchers, government agencies, and international organizations have forecast future cost trends in long-term care. [11] [12] [13] [14] [15] The results have been expressed in fixed or current prices or as a percentage of gross domestic product (GDP). The most common methodology is to calculate cost by age group and gender and then, assuming cost per age group and gender will remain the same, apply a population forecast to determine future costs. This simple approach can be criticized in several respects. It fails to consider possible changes in need by age group and gender. It also assumes that the propensity to apply for LTC services, and the provision thereof, remains the same per need, disregarding changes in household composition and the availability of informal care. 8 It fails to address change in cost per service unit caused by inflation, real increases in staff salaries, or changes in the prices of other items.
Some predictions lump together health care and long-term care, making it difficult to compare cost projections for long-term care alone. 16 The OECD has published scenarios for public LTC expenditure expressed as a percentage of GDP for the time period 2005-2050 The scenarios are made using various assumptions of cost containment and income elasticity. 17 For Japan this resulted in an increase from 0.9% of GDP spent on LTC to an amount between 2.4% and 3.1% by 2050. For Sweden the expected cost increase was much lower-from 3.3% in 2005 to between 3.4% and 4.3% by 2050 (Table 1) . 17 The European Commission analyzed the sensitivity of projections of future LTC expenditure for Germany, Spain, Italy, and the United Kingdom. Assumptions varied for population, demand, supply, and unit service cost. 18 Results of the analysis were expressed as percentage of GDP, and this was expected to more than double in each country during 2000-2050. In its 2015 Aging Report, the European Commission presented projections for its 28 member states for 2013-2060. The models included population, rates of dependency and probability of receiving different types of LTC (formal and informal care) by age and gender, and assumptions of unit cost development. This resulted in a range of scenarios concerning future LTC expenditures. 19 In 2004, the Japanese government presented projections for the year 2025 that varied between 9 and 26 trillion yen. 7 In 2013, the Japanese Ministry of Health, Labor, and Welfare presented another estimate. According to that estimate, LTC expenditures were to increase from 8.9 trillion yen in 2012 to 18-21 trillion yen in 2025. 20 A crucial assumption considered in the Japanese case was whether the LTCI system could be regarded as mature or whether the ratio of applicants to persons in need would continue to increase. 17 A source of discrepancy in cost projections is the use of fixed prices (as in this paper) vs current prices. Fixed prices do not take into account the so-called Baumol effect due to productivity differences between the goods and the services sector. 21 Generally speaking, it is important that assumptions and calculation methods are clearly stated. This is not always the case, making comparison of results difficult.
Many attempts have been made in Sweden over the years to calculate future cost trends in LTC. The latest, by the Swedish Agency for Health and Care Services Analysis (in Swedish), concludes that the cost of LTC will increase by 30% (fixed prices) between 2012 and 2025, assuming unchanged levels of need by age group and gender. With improved need levels, the projected increase is reduced to 19%. 22 Some researchers have discussed predictors of future long-term expenditure without attempting to calculate forecasts. 23, 24 They agree that a need exists for measures that are more sophisticated than an assumed constant cost per person by age and gender. The changing household pattern in Japan is often cited as influencing the propensity to apply for LTC, given level of dependency. This propensity by age and gender is also subject to change and may be influenced by social policy measures.
The purpose of this article is to make projections of LTC costs in Japan and in Sweden for 2010-2040 based on assumptions regarding population, alternative LTC needs trends, LTC provided per level of need, and cost of services provided.
Materials and Methods

Data Sources
National population data were obtained from the statistics bureaus in the two countries. Health data came from two surveys-the Nihon University Japanese Longitudinal Study of Aging (NUJLSOA) and the Swedish Surveys of Living Conditions (SSLC) (in Swedish: the ULF study). Japanese data on services provided per need were taken from LTC assessments in nine Japanese municipalities grouped as large urban, midsize urban, and rural. A corresponding Swedish dataset from eight varied municipalities was collected in 2002 and 2007 for tax-equalization purposes.
The first step in the analysis was to determine LTC needs in the populations over time. Ill health or disability is the main factor that determines an old person's LTC needs. This could be measured in different ways, such as dependency in activities of daily living (ADLs), cognitive disability, or mobility disability. The source of data in Japan was the nationally representative NUJLSOA. 25 In the study, data were gathered on several measures of health and functional limitations, including difficulty performing ADLs such as taking a bath or shower, dressing, eating, going to the bathroom and using the toilet, and standing up from a bed or chair. 5 For each ADL it was noted whether the person found it difficult or not and, if difficult, whether the person found it somewhat difficult, found it very difficult, or was unable to perform the activity. In the present study, the person was deemed dependent in the activity if he or she had answered ''very difficult'' or ''unable.'' ADL dependencies were counted, and it was noted whether or not the person was capable of walking outdoors.
Using this information, degrees of dependency were defined as follows:
. 0 ADL dependencies and able to walk outdoors: no or slight dependency . 0 ADL dependencies but unable to walk outdoors: moderate dependency . 1 to 3 ADL dependencies: severe dependency . 4 to 5 ADL dependencies: very severe dependency
In Sweden, the corresponding data were taken from the SSLC. These surveys have been conducted biannually since 1975 using essentially the same methodology and definitions. The SSLC contained varied indicators of ill health and disability: ADL and Instrumental Activates of Daily Living (AIDL) dependency, mobility disability, activity limitations from chronic disease, and self-rated health. All indicators were self-reported. An index of ill health developed by Statistics Sweden was used in the projection. 26 This index is constructed by combining information on self-reported health, general activity limitations (GALI), mobility disability, and the occurrence of chronic disease to establish four levels of ill health: no ill health, mild ill health, moderate ill health, and severe ill health.
To determine service provided per need in Japan, data were taken from registrations in the Japanese LTC insurance system in nine municipalities of three sizes: large urban, midsize urban, and rural (Kashiwa, Handa, Kasugai, Minokamo, Agui, Taketoyo, Mihama, Tokoname, and Minamichita) during the 18-month period October 2009 through March 2011, totaling 25,948 observations of individuals. This was taken to represent the year 2010.
The variables in LTCI registration represent forms of disability that are relevant to the LTC needs assessment. Among these are variables associated with ADL-difficulty in a bathing or showering, dress and undressing, toilet use, transfer, food intake-and also variables describing mobility limitations. A dependency scale was constructed from these variables that was the same as the one used in the NUJLSOA study.
In Sweden, data on provided needs and services were taken from the municipal surveys made in 2002 and 2007 to establish a basis for the Swedish municipal tax equalization system. These surveys of eight municipalities around Sweden included all persons 65 years and older who received LTC-5,326 persons in the first survey and 5,111 in the second. The LTC provided each person was recorded as weekly hours of home help in ordinary housing or institutional care (''special accommodations'' in Swedish terms) along with the SCB (Statistics Sweden) health index calculated from constituent survey variables.
Calculation Method
The first step in the analysis was to use the data described above to estimate the number of persons in Japan and Sweden by level of dependency or ill health, age group, and gender for 2010-2040. These estimates were of course subject to estimation errors. Three age groups were used: 6,574 years, 75-84 years, and 85 years and older. In the NUJLSOA study, five waves of data were collected (cf 9). The odds of the different states of dependency that occurred were calculated by age group and gender for 1999, 2001, 2003, 2006, and 2009 . Weighted log-linear regression was used to project future dependency trends for 2010-2040. Finally, the odds were converted to probabilities.
In the same way as the Japanese study and based on data from the SSLC of 1985-2011, the odds of the different states of ill health were calculated by age group and gender, projected into the 2010-2040 period by using log-linear regression, and converted to probabilities.
To make the estimates as stable as possible, the four initial degrees of dependency were collapsed to two degrees that sorted people into groups with ''no or only slight dependency'' or ''dependency'' (moderate, severe, and very severe) in Japan and into ''no to moderate ill health'' (no, mild, and moderate ill health) and ''severe ill health'' (severe ill health) in Sweden. The objective was to make the dichotomizations as similar as possible. In fact, the prevalence of dependency was lower in Japan than the prevalence of severe ill health in Sweden.
As will be discussed below, the Swedish definition of severe ill health combines aspects of ill health and disability that connects it less closely to LTC need than dependency does in the Japanese case study.
The following step was to calculate the number of persons in the involved municipalities who received LTC (home-based and institutional care) by gender, age group, and level of dependency or ill health. We used the municipal LTC data of the respective countries for each year to estimate the total number of old persons by gender, age group, and level of dependency or ill health. We assumed the same distribution of dependency or ill health in the municipalities as in the whole country according to the previous step. By this procedure the proportion of old adults in the municipalities receiving LTC could be calculated by type of LTC, gender, age group, and level of dependency or ill health, comparing the number of those receiving LTC with the total number of old persons. To summarize by type of LTC, gender, and age group, we proportionally adjusted our calibrations to the total proportions of people in Japan and Sweden who received LTC in the same year by type of LTC, gender, and age group. Finally, we calculated the total number of persons in each country who received LTC by type of care, gender, age group, and level of dependency or ill health by multiplying the calibrated proportions by the total number of persons in the country by gender and age group. The provision of services per gender, age group, and level of dependency or ill health was assumed to be unchanged during 2010-2040.
In Japan, the individual monthly costs of LTC provided were recorded in the municipal data and divided between costs for home-related services and institutional care. The total cost arrived at in this matter was calibrated to conform to the total cost reported in the official national statistics. In Sweden, annual costs were calculated from allotted hours of home help (SEK 25,000 per weekly hour) and average cost of institutional care (SEK 694,000). Total cost was calibrated in the same manner as in Japan. In the projections, it was assumed that the cost of provided services would stay the same in 2010-2040.
Results Population
The projected Japanese population of people aged 65 years and older is shown by age group for 2010-2040 in Figure 1 .
The increase of elderly persons in Japan in coming decades was found to be almost entirely concentrated in the age group 85 years and older. The total increase in population was projected to be 31%, but 173% in the oldest age group. This corresponds to 3.4% per year. The impact on the demand for LTC will be great.
The corresponding trend in the Swedish population is shown in Figure 2 .
Sweden too will have a strong increase in the percent of oldest people but much less so than in Japan: 45.0% or 1.2% per year. Also, unlike Japan, we found a substantial increase in the size of the group of people aged 75-84 years-61.0% or 1.6% per year. However, this increase applied almost entirely to 2010-2025. 
Needs
The need for LTC increases with age, but the level of needs trends is not identical with population trends. The intervening factor here is prevalence of dependency or ill health by age group and gender. The prevalence of dependency in the Japanese population according to the NUJLSOA is shown in Figure 3 . Dependency was defined, and values per year were projected, as described in the material and methods section. The projections were made for 2010-2025, because it is hardly meaningful to predict dependency trends over a longer time. Thus, in calculating service and cost trends below, we assumed that the level of dependency by age group and gender would stay the same in 2025-2040 as projected for 2025.
As expected, prevalence of dependency increases with age. For the younger age groups, a prevalence decrease is projected and, for the oldest age group, an increase. Overall there will be an increase. The corresponding trend in Sweden is the prevalence of severe ill health as defined by the SSLC (cf. above), shown in Figure 4 .
In Sweden, prevalence of severe ill health is projected to decrease in all age groups, including the oldest, resulting in a decrease in the total population of people aged 65 years and older. 
Long-term Care in Relation to Need
Next, the analysis addressed the relationship of LTC trends to needs. The many types of services that are available in the Japanese LTCI system were divided into home-based services-home help, home health care, home rehabilitation, day care-and institutional care. The same division was made in the Swedish study. The composition of those services differed, however, between the countries. In Japan, the proportion of services that consisted of day care was much larger than in Sweden (cf. 28). In Table 1 , the predicted provision of LTC is shown for 2010-2040, assuming the same prevalence of dependency as in 2010. Note that the very high percentage of dependent persons who receive LTC might result from an underestimation of the proportion of dependent persons in the NUJLSOA. The increase in the proportion of persons with no or only slight dependency who receive services can be explained by the changed age structure. In the oldest age group, a much higher proportion of less dependent persons receives LTC than in the younger age groups. In Sweden the proportion of persons with ill health who receive LTC is much lower. The reason is that severe ill health, as measured by the Statistics Sweden Health index, is a composite measure with no explicit reference to ADL (cf. above). This means a person can have severe ill health without needing help with activities of daily living and vice versa. The proportion that receives services is expected to increase as the age structure of the Swedish population changes, but not at the same rate as in Japan.
In Table 2 , the assumption of projected dependency until 2025 followed by no change has the effect of lowering the proportion of the age groups that receive services-everything else equal-but more so in Sweden than in Japan, because for Sweden a more positive health trend is assumed.
Total Cost of Long-term Care in Relation to Need
Next, LTC cost trends per need in Japan and Sweden were calculated for comparison. Tables 3 and 4 show the annual costs of Japanese LTC for 2010-2040 by age and degree of dependency, assuming unchanged dependency and projected dependency to 2025, respectively.
The projection in Table 3 shows a strong cost increase in LTC in Japan during the years studied: 93.0%, or 2.2% a year. The calculated increase rate is much higher in 2010-2025 than in 2025-2040 (+61% and +20%, respectively). The cost increase pertains as much to the dependent group (96%) as to the group with no or only slight dependency (83%). Worth noting is that almost all of the projected cost increase is for the 85+ group (94%). For the other age groups, the cost increase is limited. For the 75-84 year old group, LTC costs were actually projected to fall in the second half of the time period. The corresponding trend in the case of projected dependency is shown in Table 4 . In the case of projected dependency, the cost increase was found to be somewhat smaller (80%), but the reduction pertains only to the younger age groups, and especially the youngest. For the oldest, LTC costs were found to increase at about the same rate. The cost reductions for the younger age groups are entirely for the dependent group.
The corresponding results for Sweden are shown in Tables 5 and 6 . Costs were found to rise rapidly in Sweden, though not as rapidly as in Japan. The total cost increase for 2010-2040, assuming unchanged dependency, is 52.0%, or 1.4% per year in Sweden. The increase rate is about the same for 2010-2025 and 2025-2040, 23% and 24%, respectively. As in Japan, the main part of the cost increase is projected for the group aged 85 years and older (66%), but an increase is projected for the younger age groups as well. In Sweden, the cost increase does not differ between the two groups with ill health.
The assumption that the health of old people in Sweden would continue to improve until 2025 made a big difference in cost projections, as shown in Table 6 . The projected total cost increase for 2010-2040 was reduced to 34%, and the projected increase for 2010-2025 to only 8%. For the youngest age group, there was a decrease during that period and a return in 2025-2040 to a cost level only slightly higher than it was initially. The proportion of the total cost increase that pertains to the group of people aged 85 years and older is expected to increase from 56% to 60%. The cost increase for the group with severe ill health was steeper than for the group with slight or moderate ill health. As a result, the former group takes a larger share of total cost: 67% as opposed to 62% initially.
In Sweden, trends are showing decreasing levels of ill health in all age groups, but in Japan the situation seems more stable. We used survey data to project population health, but we did not extend the dependency and ill health forecast beyond 2025.
In both countries, regardless of dependency measures, a much higher proportion of older persons with dependency or ill health receive LTC than those without. The more restrictive dependency measure used for Japan results in larger differences between the two dependency groups. The total proportion of very old people who receive LTC is similar in Japan and Sweden (50% and 54%, respectively). With continued trends towards the reduction of ill health, this proportion is expected to decrease to 48% and 52%, respectively.
Because of needs trends in an aging population, LTC costs are projected to rise twice as fast in Japan as in Sweden. In both countries, most of the cost increase pertains to the oldest age group, and the increase is about the same for people who are dependent or in ill health as for those who are less dependent. In the case of continued health development in Sweden, however, the cost increase for people with no, slight, or moderate ill health is steeper. The projected cost increase is in line with other Japanese and Swedish estimates cited above; the differences can be explained by the methods and assumptions used. The method we used to project cost trends is similar to the one used by the European Commission (EC) in the 2015 Aging Report. 19 The EC scenarios, however, are based on assumed dependency trends, whereas our analysis uses empirical dependency data from epidemiological studies. In the EC report, all dependent persons are assumed to receive services, whereas in our analysis, the population is divided into dependency groups and the provision of services calculated separately with empirical data as its basis.
In our calculations, need of LTC was interpreted as dependency for support in activities of daily living. Of course, other factors also influence the need for LTC, such as living conditions, propensity to seek formal help, etc. However, in various studies, dependency comes out as the most important, 5 and it was chosen also because of lack of reliable, comparable data on the social factors.
Our calculations rest on two types of data sources that are unavailable on a national basis. Ill health and dependency data were obtained through Japanese and Swedish epidemiological surveys. In Japan, LTC data were obtained through the LTCI system in a number of municipalities; in Sweden, data came from special municipal surveys. Two types of data problems are involved in these calculations. First, the population and the municipal data must be harmonized to achieve valid estimates of the proportion of persons in the population who receive LTC. Second, it is desirable that the data from the two countries be harmonized in order to make valid comparisons. These goals conflict somewhat, and a choice was made to prioritize the first goal at the expense of the second.
Both Japanese population and municipal LTC datasets contain many variables on functional limitations related to the need for LTC. This makes it fairly easy to choose a common dataset for defining needs. The variables chosen were the standard variables used to define dependency in activities of daily living. 26 In the population dataset, dependency was noted if the person reported the activity to be very difficult or impossible to perform, and, if the activity was not performed, this was related to health or physical state. In the municipal dataset, dependency was denoted if the person required complete or much help for the activity.
In the Swedish study, the ADL-dependency data were judged to be unreliable because of low prevalence and a more limited number of observations. Instead, a composite index was used-the SCB ill-health index. 27 This made it possible to harmonize the Swedish population and municipal data but at the expense of reduced comparability with the Japanese results, as different measures of LTC need were used. However, in the end, the internal consistency was judged to be more important.
As pointed out above, we assumed that level of dependency by age group and gender would stay the same in the period 2025-2040. Of course it is very reasonable to believe that there will also be changes after 2025 driven by health technology development, among others. However, it is today very difficult to form an opinion on the direction and magnitude of these changes. The immediate policy relevance is also lower. It is the near future we have to take care of first. For this reason we made the assumption of constant dependency after 2025, but it is easy to recalculate with other assumptions creating different long-term scenarios.
The future provision of LTC and costs presented in this article must be regarded as estimates. Total costs were calibrated to national figures for 2010. Digressions from the actual summary figures arise for several reasons. One is that, in Japan, individual cost data do not come from the whole of Japan but from nine municipalities. There may be discrepancies in how services are defined and grouped together. Though the total number of observations is high, LTC recipients in these municipalities may differ from the whole of Japan. A test that split Swedish local cost data in two groups showed minor differences that were dependent on the part of the local data used. This can be taken as an indication that local data from a sufficient sample will not unduly bias the national estimates.
The calculations and projections presented above are in many ways simplifications, the main caveat being that factors other than dependency influencing need are not taken into account. It might be that the best ways to handle the resource problems ahead lie outside dependency development-in the social or technological sector. Including such aspects in policymaking would be an important step forward in maintaining the sustainability of the public LTC system. Then there is an urgent need of data to support such developments.
The analysis shows that substantial demographic and economic challenges face both countries in coming decades. The sustainability of LTC systems is a high priority in Japan and Sweden, and better decision support is needed to guide policy in this area of the welfare state. Determining the appropriate action to take lies outside the authority of this report. This is a task that could benefit from future cooperation between the two countries.
